The article presents original results of research on the humus form dynamics in a semi-natural European beech stand in the National Natural Reserve Voděradské bučiny, in the area of Training Forest Enterprise at Kostelec nad Černými lesy (Czech University of Agriculture in Prague). The accumulation and soil chemical characteristics of particular humus forms were studied: dry matter amount, pH, soil adsorption and exchangeable acidity characteristics as well as plant available and total nutrient contents. The humus form samples were taken in four replications from the particular humus form layers (L, F, H, Ah), and the analyses were performed individually. Samplings were done in the parts of the stand with closed canopy, and they were compared with the state in gaps formed during natural and seminatural forest regeneration (the stage of stand breaking up left to spontaneous development). The results confirmed marked changes in the quantity and quality of surface humus in the gaps. The amount of dry matter decreased by ca. 25% several years after canopy opening, especially in the H horizon, the pH, base content and base saturation increased, as well as the content of macronutrients (with the exception of total calcium). The results proved considerable changes in the humus forms during the natural and semi-natural forest cycles connected with the stand regeneration.
JOURNAL OF FOREST SCIENCE, 52, 2006 (6): 243-248 Humus forms, i.e. the holorganic and the uppermost mineral, humus-enriched horizon, have a lot of important functions in forest ecosystems (Green et al. 1993) . Their destruction causes rapid site degradation , and regeneration is a necessary pre-condition for any site restoration and revitalization (Remeš, Podrázský 2003) .
The dynamics of humus forms is of marginal interest in the forestry of Central Europe at present, only some aspects have been studied until now (Šarman 1982 , 1985 , 1986 Wright 1957) . The evidence was given on negative effects of some silvicultural and site improving treatments .
Among the research activities the humus form dynamics was studied in natural and semi-natural forests; in general, the concept of anthropically caused negative changes in the surface humus development after forest operations is assumed to be worked out. Only few research results are available, but they do not confirm any large differences between semi-natural and commercial forests in the humus form dynamics (Podrázský, Viewegh 2005; Podrázský, Remeš 2005c) .
The aim of the present study was the quantification of changes in humus forms in a semi-natural European beech forest during the regeneration period. The quantity and soil chemistry were studied in parts of the forest ecosystem left to natural development on plots with full canopy, and on plots where regeneration started a few years ago, with the canopy interruption and gap formation.
Material and Methods
The study was performed in forest stand 417A16a/ 8a, where the age classes (cohorts) around 155 and 80 years were represented. The site conditions are characterized by forest site type 4B1, altitude 470 m above sea level, average annual temperature 7.5 to 8.5°C, and mean annual precipitation 650 mm.
Soil samples were taken November 5, 2003 in gaps with beech regeneration and in fully closed parts of the stand without vegetation cover. The regenerated sites corresponded to the initial phases of the breaking up stage of natural forests (Podlaski 2004). In both cases, 4 replications were taken quantitatively with a steel frame 25 × 25 cm, separately for the horizons: L + F1, F2, H (holorganic), as well as for the uppermost mineral horizon Ah. Individual analyses of particular samples were carried out.
The following chemical analyses were performed: -dry matter content of holorganic horizons was determined by drying to constant weight at 105°C and calculated per 1-ha area, -total humus content was determined by SpringerKlee method, total nitrogen content by standard Kjeldahl method, -soil reaction (in water and in 1N KCl solutions) was determined potentiometrically, -soil adsorption complex characteristics were determined by Kappen method: S -base content, T-S (H) -hydrolytical acidity, T (S + H) -cation exchange acidity and V -base saturation, -plant available nutrients were determined in a 1% solution of citric acid -this method is old, not used in the world literature any more, but it is used in the Czech forestry and it enables to make comparisons with older results. The nutrient contents are given in oxide forms. Phosphorus was determined in the solution spectrophotochemically, potassium colorimetrically and calcium and magnesium by AAS (atomic absorption spectrophotometry), -parameters of exchange acidity were determined in a KCl solution, -total nutrient content after mineralization of holorganic horizons using the mixture of sulphuric acid and selenium. The analyses were performed by the commercial laboratory Tomáš in Opočno.
results and disCussion
The surface organic matter was accumulated in significantly higher amounts in the stand parts without gaps (Table 1 ). The differences reached ca. 25% in favour of open parts with regeneration, they S -base content, T-S -hydrolytical acidity, T -cation exchange acidity, V -base saturation were caused by different decomposition intensity of the H-layer especially. The gap formation resulted in increased mineralization of this holorganic layer, storing the humified material, the amounts of less decomposed horizons being comparable. Humus content (carbon content) did not show any visible changes after canopy lowering, total nitrogen content behaved in a similar way (the tendency of higher content in F and H layers of the gaps was not significant). A similar amount of the surface humus accumulation was observed comparing the lower altitudes and other broadleaved as well as coniferous tree species (Podrázský, Remeš 2005a), the trends did mimic also the tendencies at higher altitudes, despite different levels of accumulation (Podrázský, Viewegh 2005). The changes in the soil cover are only temporary and the size of gaps is very small, so there is not an environmental risk, unlike the large areas of cut or declined forest (Svoboda, Podrázský 2005) . The pH (H 2 O) was higher in the humus form layers in gaps (Table 2 ), the differences were statistically significant in the uppermost horizons (L + F1 and F2). This trend was even more pronounced in the case of pH (KCl), except the litter layer. The same trend was observed for the base content (S-value) and even more for the base saturation (V-values).
These trends indicate a considerably higher mineralization activity in gaps followed by consequent enrichment of the surface horizons with bases (relative enrichment). As a consequence of these changes, the cation exchange acidity (T-values) was higher in the substrates sampled in gaps, in the hydrolytical acidity (T-S values) there were no differences. Similar differences, of a smaller extent, were documented in thinning experiments on variants with lower canopy (Hager 1988; Naumann 1987; Podrázský, Moser 2003; Šarman 1985) , resulting in higher surface humus decomposition. The chemical shifts were comparable also to the changes during natural development cycles in other semi-natural forests (Podrázský, Viewegh 2005).
The exchange titration acidity was almost the same in both studied profiles, but the proportion of exchangeable hydrogen (H + ) was significantly increased in the gaps whereas in the parts of closed stand the dominance of exchangeable aluminium was more prominent (Table 3) .
The dynamics of the plant available nutrients is shown in Table 4 . The plant available phosphorus content was significantly higher in the holorganic layers in the gaps, the situation was just opposite in the mineral soil horizon. The translocation by so called biological mobilization is possible, probably documented also in other cases (Podrázský, Remeš 2002) . In the humus forms of the gaps, the potassium contents were statistically significantly higher, probably due to the relative enrichment as well as due to the ground vegetation of grass litter, much higher in this nutrient. Similar effects were documented when grass formed the majority of the litter and of humus forms after its transformation (Podrázský, Ulbrichová 2004; Ulbrichová et al. 2005) . Identical trends (significant in the particular horizons) were confirmed for the bivalent bases, calcium and magnesium. Total nutrient contents (Table 5) showed very similar trends, with the exception of total calcium content. All the studied macronutrients showed higher contents in the humus forms of the gap parts of the stand. The differences were statistically significant at least in some layers. The opposite trend of calcium needs further explanation, probable mobilization in gaps and consequent leaching or uptake are only assumptions.
The results of the study confirmed relevant changes in the humus forms during the initial stages of canopy breaking up and gap formation, lasting for several years. The more favourable soil chemistry was observed in the gaps, which can support young seedlings and contribute to their growth and survival. On the contrary, the surrounding old trees protect young beeches against the unfavourable microclimate of open plots and increase their growth. The better growth of young beeches and their better quality under partial canopy were confirmed also in other experiments (Podrázský, Remeš 2005b) .
ConClusions
Humus forms in the semi-natural beech stand underwent considerable changes in a relatively short time. The gap formation and the beginning of the stand regeneration are also connected with visible and significant changes in the state of surface humus, as well as the uppermost part of the mineral soil body. The changes can be summarized as follows: -a decrease in the quantity of surface humus by ca.
25%, -the soil reaction, expressed as pH values, increased significantly in the gaps, -the same tendency was documented for the base content and base saturation, and the adsorption complex was improved considerably, -the content of plant available nutrients and total nutrients was higher in the humus layers in gaps, -we can suppose significant changes in the soil biological activity after gap formation, connected with the relative enrichment of the surface humus layers, -in the natural and semi-natural forests, the shifts in the soil (humus form) status can be of considerable extent.
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